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Introduction
Chronic kidney disease is a public health problem around the world. It is increasing over time mainly due to an increasing number of diabetic patients, and with nearly 30% of the 170 million diabetic patients eventually developing diabetic nephropathy [1] . Worldwide, most patients with end-stage kidney disease (ESKD) who can access renal replacement therapy are receiving hemodialysis (HD) [2] . In 2013, there were 1,222 patients per million population (pmp) receiving hemodialysis in the USA [2] , while, in 2006, there were 280 patients pmp in Latin America [3] and, in 2012, there were 300 patients pmp receiving hemodialysis in Peru [4] .
Cardiovascular disease (CVD) is the main cause of death in patients with ESKD [2, 3] . It is estimated that ESKD patients are 5 to 20 times more likely to die because of cardiovascular causes than the general population [5] . Traditional cardiovascular risk factors do not completely explain higher mortality rates among hemodialysis patients [6] , and nontraditional risk factors such as anemia, bone mineral disease, hyperhomocysteinemia, inflammation, hypercoagulability, and left ventricular hypertrophy (LVH) [7] have been demonstrated to play an important role in this population. The prevalence of CVD in hemodialysis patients varies across countries; that is, in the USA, ischemic heart disease, heart failure, peripheral vascular disease, and cerebrovascular disease were found in 41% [8] , 40% [9] , 22% [10] , and 13% [11] of these patients, while, in Spain, they were found in 17%, 14%, 6%, and 2% [12] of HD patients.
It is estimated that 300,000 patients have chronic kidney disease in Peru, and more than 9,000 of them require renal replacement therapy [4] . The incidence of ESKD patients 2 International Journal of Nephrology receiving hemodialysis is increasing over time [4] ; however the prevalence of CVD in these patients remains to be estimated. Thus, this study had the following goals: (1) to determine clinical, biochemical, and pharmacological characteristics among ESKD patients receiving hemodialysis in the main hemodialysis center in Lima, the "Centro Nacional de Salud Renal" (CNSR), (2) to determine CVD prevalence in these patients, and (3) to determine the association between CVD and clinical, biochemical, and dialysis factors in these patients.
Methods
This cross-sectional study included one hundred and three prevalent HD patients (three sessions of hemodialysis a week for more than three months) from the largest HD center in Lima, Peru (CNSR, EsSalud), using a convenience sampling approach. All patients were adults and had never received renal transplantation or peritoneal dialysis. An informed consent was obtained before enrollment in the study. Ethics Committees from Universidad Nacional Mayor de San Marcos and Centro Nacional de Salud Renal reviewed and approved the study.
Using a standardized form, clinical charts were reviewed to gather the following information: age, gender, prescribed dry weight, cause of ESKD, hypertension status, diabetes status, latest electrocardiogram results, time on hemodialysis, effective blood flow, and current prescription of statins, aspirin, angiotensin-converting enzyme inhibitors (ACE-I), and angiotensin II receptor blockers (ARB). To determine history of CVD (coronary heart disease, cerebrovascular disease, peripheral vascular disease, and ventricular dysrhythmias) and comorbid medical conditions (chronic pulmonary obstructive disease, cancer, dementia, inability to ambulate, peptic ulcer disease, liver disease, HIV status, hepatitis C infection, and hepatitis B infection), chart reviews were supplemented by interviews with the patients, family members, and dialysis staff as necessary.
Patients underwent an evaluation that included (1) anthropometric measurements, (2) blood sample collection, and (3) an echocardiogram. Height and waist circumference were measured after dialysis; the latter was obtained to the nearest centimeter, midway between the lower limit of the rib cage and the iliac crest, with the subject standing, using a flexible and nondistensible tape. Blood samples were obtained before dialysis as part of the routine protocol in the hemodialysis center (a postdialysis sample was used to determine KT/V urea only), without specific instructions to the patients. Blood sample specimens were analyzed for total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides, hemoglobin, calcium, phosphorus, C-reactive protein (CRP), parathyroid hormone, and KT/V urea. A twodimensional and M-mode echocardiogram was performed using a M2540A model Philips echocardiograph by a single cardiologist at a private clinic using American Society of Echocardiography guidelines for wall thickness and chamber dimensions [13] . The echocardiographic measurements included ejection fraction, left ventricular filling pattern, mitral E/A ratio, and left ventricular mass (calculated from the corrected American Society of Echocardiography method using end diastolic parameters: LV mass = 0.8{1.04[(IVS + PWT + LVEDD) 3 − (LVEDD) 3 ]} + 0.6). Charlson comorbidity index and metabolic syndrome status (according to the International Diabetes Federation criteria [14] ) were calculated based on the clinical and laboratory results.
Cardiovascular disease (CVD) was defined as the presence of any of the following:
(i) Coronary heart disease: myocardial infarction or stable angina or unstable angina or coronary artery bypass graft or percutaneous coronary intervention.
(ii) Diastolic dysfunction: abnormal left ventricular filling pattern and/or mitral E/A ratio out of the range 0.7-3.1 if 64 years or under, or 0.5-1.7 if over 64 years [15] found on echocardiogram.
(iii) Systolic dysfunction: ejection fraction less than 55% found on echocardiogram.
(iv) Cerebrovascular disease: atherothrombotic cerebral infarction or carotid endarterectomy or transient ischemic attack.
(v) Peripheral vascular disease: renal artery stenosis or lower limbs revascularization or any limb amputation.
(vi) Ventricular dysrhythmias: electrocardiographic evidence of ventricular tachycardia or fibrillation.
Data are presented as mean ± SD for continuous variables (median (interquartile range), when not normally distributed) and as fractions for categorical variables. Bivariate analysis searching for associations between CVD and other variables was done using prevalence ratios (PR). Multivariate analysis was performed using a Poisson regression model with robust variance estimation in order to calculate adjusted prevalence ratios (aPR); an enter method was used. Variables included in the multivariate analysis were age, sex, hypertension, metabolic syndrome, CRP levels, severe anemia, absence of mild anemia, and effective blood flow. A value <0.05 was considered statistically significant. All statistical analysis was done using STATA v. 13.0 for Windows.
Results

Study Patients.
A total of 103 patients were included in the study (a third of the population receiving HD at CNSR).
Patients were mainly male ( = 73, 71%). The mean age was 54.0 ± 14.6 years. The main causes of ESKD were hypertension (30%), glomerulonephritis (22%), and diabetes mellitus (12%). Miscellaneous causes accounted for 30% of the patients (including obstructive uropathy, systemic lupus erythematosus, nephrolithiasis, renal tuberculosis, and polycystic kidney disease). The cause of ESKD could not be determined in 6% of the patients. The mean time on hemodialysis, effective blood flow, and KT/V were 9.7 ± 4.6 years, 326.8 ± 38.1 mL/min, and 1.5 ± 0.3, respectively. The KT/V was less than 1.3 in 9% of patients. 
Comorbidities.
Ninety-five percent of the patients were hypertensive, 14% were diabetic, 64% had hepatitis C infection, 9% had inability to ambulate, 4% had COPD, 4% had HIV infection, and 1% had hepatitis B infection. The average waist circumference for men and women was 93.0 ± 13.4 cm and 86.0 ± 12.4 cm, respectively. There were 59% of men with waist circumference values above 90 cm and 76% of women with values above 80 cm. Metabolic syndrome was found in 50% of the patients. The average Charlson comorbidity index was 3.5 (range 2-11), and 71% of the patients had an index above 3.
Biochemical
Profile. Calcium-phosphorus product above 55 was found in 37% of the patients. Parathyroid hormone levels above 300 pg/mL were found in 54% of the patients. 7.8% of the subjects had albumin levels under 3.6 g/dL. 56% had CRP levels above 0.3 mg/dL. 63% of women had HDL-C level under 50 mg/dL and 41% of men had these levels under 40 mg/dL.
Pharmacological Profile.
Three percent of the patients received statins, with 66% of those patients having had a prior cardiovascular event. 60% of patients with coronary heart disease were not prescribed this medication and none of the patients with hypercholesterolemia were prescribed a statin. There were 15% of the subjects receiving aspirin, but just 20% of those with coronary heart disease were prescribed aspirin. ACE-I and ARB were prescribed in 44% and 18% of the patients, respectively.
Echocardiographic Evaluation.
Echocardiogram evaluations demonstrated diastolic dysfunction in 75% of the subjects and systolic dysfunction in 10% of them. LVH was noted in 55% of the patients, and amongst these patients 35% were not receiving ACE-I or ARB.
3.6. Cardiovascular Disease. CVD was found in 81.6% of the patients (95% CI 73.6-89.5%). Diastolic dysfunction was found in 75% of the subjects, systolic dysfunction in 10%, cerebrovascular disease in 8%, coronary heart disease in 5%, peripheral vascular disease in 1%, and ventricular dysrhythmias in 1%. Clinical and biochemical differences between the patients with and without CVD are shown in Table 1 .
CVD Associated Factors.
In the bivariate analysis, CVD was significantly associated with age older than 50 years (PR = 1.4; 95% CI 1.1-1.8; = 0.002), metabolic syndrome (PR = 1.2; 95% CI 1.0-1.5; = 0.029), CRP levels (PR = 1.0; 95% CI 1.0-1.1; = 0.015), effective blood flow less than or equal to 300 mL/min (PR = 1.2; 95% CI 1.1-1.3; < 0.001), severe anemia (hemoglobin lesser than 8 g/dL) [16] (PR = 1.2; 95% CI 1.1-1.4; < 0.001) and absence of mild anemia (hemoglobin lesser than 11 g/dL or greater than 11.9 g/dL in females or 12.9 g/dL in males) [16] (PR = 1.6; 95% CI 1.0-2.3; = 0.016). There was a tendency towards significant results for waist circumference greater than 82 cm (PR = 1.3; 95% CI 0.9-1.7; = 0.093). However, the Poisson regression analysis (Table 2) showed that CVD was associated with age older than 50 years (aPR = 1.3; 95% CI 1.1-1.6; = 0.005), effective blood flow less than or equal to 300 mL/min (aPR = 1.2; 95% CI 1.0-1.4; = 0.036), and absence of mild anemia (aPR = 1.5; 95% CI 1.1-2.1; = 0.023).
Discussion
This study has found an extremely high burden of CVD amongst Peruvian long-term HD patients at CNSR, representing an alarming prevalence that is not substantially different from higher-income countries. Some important associations between CVD disease and clinical, biochemical, and dialysis factors have also been found and potentially represent a challenge for Peruvian nephrologists, especially in the public healthcare system. CVD prevalence in this study was found to be higher than 80%. When compared to Latin American countries, our sample had higher prevalence of diastolic dysfunction than Argentina (75% versus 40%) [17] and higher prevalence of cerebrovascular disease than Chile (8% versus 7%) [18] . When compared to countries outside Latin America, our sample had higher prevalence of cerebrovascular disease than Spain (8% versus 2%) and lower prevalence of coronary heart disease (5%) and peripheral vascular disease (1%) than Spain (16% and 5%) and the USA (41% and 31.6%) [11, 12] .
The main component of CVD in this sample was diastolic dysfunction, which was detected de novo in 59% of the patients. This alteration has been recognized as the most common echocardiographic alteration in asymptomatic ESKD patients on HD [19] and is considered a predictor of cardiovascular events in these patients as well [20] . There is evidence suggesting that the severity of diastolic dysfunction and LVH might be ameliorated by adequate correction of anemia and hypertension [21, 22] . For these reasons, it is crucial to detect these problems in a timely fashion, performing an echocardiogram and involving a cardiologist in the multidisciplinary care of patients with CKD [7] .
Unfortunately, most of the patients in our sample were not offered an echocardiogram in early stages of kidney disease or at admission to hemodialysis, most likely due to a demandoffer imbalance on the social security health system. The consequences of this disproportion are exemplified by the fact that more than one-third of patients with LVH were not receiving ACE-I or ARB. However there are other situations in which medication prescription status in this cohort was found to be concerning. There was aspirin underuse in patients with coronary heart disease; however specific patient factors, such as increased bleeding risk, may be involved in the low prescription rate and are beyond the scope of this study. Also, statins were not being used in patients with hypercholesterolemia, despite its efficacy to reduce LDL-C levels in this special population [23] . Nevertheless, it is important to note that though these drugs have demonstrated benefit at decreasing stroke incidence and lowering LDL-C levels, respectively, there is no evidence they can reduce mortality in this specific population [1, 2, 24] .
As has been previously described in different CKD populations [25] [26] [27] [28] [29] , we also found that CVD was associated with metabolic syndrome; however this was not confirmed with aPR test. The principal component of this syndrome, abdominal obesity, expressed by waist circumference, has demonstrated to be a predictor of cardiovascular events in ESKD patients [30] , and in this study it showed a trend towards significant results. For these reasons we propose that a simple measurement such as waist circumference could potentially denote CVD in this population. However, prospective cohorts are required to evaluate the clinical consequences of these risk factors in Peruvian patients.
The association found between CVD and tight levels of hemoglobin is interesting and thought provoking. Not only patients with severe anemia were found to have higher prevalence of CVD, but also those without mild anemia. This means that patients with hemoglobin levels lower than 11 g/dL or higher than 12.9 g/dL in men or 11.9 g/dL in women had higher prevalence of CVD. These levels are somewhat compatible with those previously reported in the CHOIR study [31] , where adverse outcomes were associated with hemoglobin levels higher than 13.0 g/dL. The novel finding in this study is the potential gender-specific difference in hemoglobin targets associated with CVD in this sample. Whether or not this difference is a reflection of the Peruvian population remains to be determined in larger studies. Furthermore, taking into account the varied geography of Peru, further research to determine the appropriate hemoglobin targets in patients with CKD living at high altitude is necessary and will help in determining a possible benefit in adjusting Peruvian Nephrology practice guidelines.
Other associated CVD factors included elevated CRP levels and lower effective blood flow. Elevated CRP levels, defined as above 0.3 mg/dL due to better association with cardiovascular mortality [32] , were common in our sample (more than 50%), confirming previous findings in other Peruvian HD cohorts [33] . This demonstrates the underlying inflammatory status that these patients have and could be the resultant of metabolic syndrome. The potential use of CRP as a cardiovascular mortality predictor has been demonstrated in some studies [34] and its use in the Peruvian population should be encouraged. Conversely, effective blood flow seems to be a consequence rather than a predisposing factor in this sample. It might be explained by the fact that patients with CVD may not be able to tolerate elevated blood flows on hemodialysis. Alternatively, another explanation may be that HD techniques mostly applied in Peru use low flux dialyzers, which limits dialysis efficacy.
Unlike other studies where diabetes was the main cause of ESKD [1, 3] , the most common cause in this sample was hypertension. This difference in demographics might be explained either by a higher mortality of diabetics at CNSR or that patients with multiple comorbidities receive hemodialysis at other centers better able to care for more complex patients. Another important characteristic of this sample is the high prevalence of hepatitis C virus infection (64%), which is greater than the rates reported by other countries like the USA (5.5-10%) [35] , Italy (13.5-31%) [36] , France (42%) [37] , or Syria (49%) [38] , but is comparable to Moldavia (75%) [39] . This may be explained by the long time these patients have lived on hemodialysis (9.7 ± 4.6 years). Filter reuse, dialysate processing, and infection control practices are other possible factors that may explain this increased hepatitis C infection rate [38, 39] .
Our study has several limitations, including the sampling approach and sample size which does not allow extrapolating results to the Peruvian population. Additionally, the crosssectional design does not allow making causal associations. It International Journal of Nephrology 5 is important to remark that it was not possible to determine how the CVD prevalence changed with the time under HD, especially considering that for some patients this study provided their first lifetime echocardiogram and thus unrecognized diastolic dysfunction could have not been determined at the time of HD initiation. However several steps were taken to overcome these limitations, including (1) sampling the biggest hemodialysis center in Lima, which has a captive and stable population throughout the years, (2) calculating prevalence ratios instead of odds ratios to not overestimate associations, and (3) including a robust regression analysis to avoid confounding factors.
In conclusion, this study represents the first approach to CVD burden in HD patients in Peru and raises the concern about CVD diagnosis and management in this specific population. Age, effective blood flow, and hemoglobin levels outside a tight target are associated with high prevalence of diastolic dysfunction and CVD in this sample.
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